Abstract The aim of this study was verification whether an 8-week-long swimming exercise training would induce adaptive changes in body weight in rats and whether possible changes would depend on aquatic environment temperature and animal sex. The exercisetrained groups swam 4 minutes a day, five days a week during eight week of housing. Exercise was performed by swimming in glass tanks containing tap water maintained according to group at 5 ±2°C (cold group) and 36 ±2°C (thermal neutral group). Before and after each week of the experiment, rats were weighed. When comparing the nature of changes in the body weight of rats exposed to swimming exercise training in cold water, attention should be paid to their dependence on sex. There were statistically significant changes in the nature of changes in body weight between male rats and female rats of the cold group (5°C) as early as experimental week 2 until the end of the experiment (p < 0.001). Interestingly, the females exposed to swimming exercise training at 5°C were the only group in which an increase in body weight occurred during experimental week 8 in relation to baseline values.
Introduction
One of the most important processes that allow an organism to survive in a changing environment is the ability to regulate body temperature. In warm-blooded animals, the ability to maintain a relatively constant internal body temperature is a prerequisite for their proper functioning (Moran, Mendal, 2002) . Exposure to cold is one of the strongest physiological and psychological environmental stressors and leads to significant physiological responses of the body. In particular, the aquatic environment is a challenge for thermoregulation processes of a living organism. Cold water immersion leads to immediate physiological responses collectively known as the "cold shock response", as well as to long-term physiological, biochemical, hormonal and metabolic responses and cardiovascular system response, documented in the experiments on both animals and humans (Kolettis, Kolettis, If exposure to cold persists long enough to produce adaptive mechanisms, changes in body composition may occur, primarily the insulative subcutaneous fat layer may increase. Given that both physical exercise and cold water immersion are the factors that intensify metabolism, we decided to verify in this study whether an 8-week-long swimming exercise training would induce adaptive changes in body weight in rats and whether possible changes would depend on aquatic environment temperature and animal sex.
Material and methods
Sixty-four 15-month-old male and female albino Wistar rats were randomly allocated to three groups. The first group (old sedentary control), kept in cages at room temperature, was composed of male (n = 8) and female (n = 8) rats. The second group included old-trained animals, swimming in cold water (5 ±2°C; 12 male rats; 12 female rats). The last group were animals swimming in thermal neutral water (36 ±2°C; 12 male rats; 12 female rats). All rats were given standard rat chow and tap water ad libitum and were housed two to four per cage (23 ±2°C, 40% air humidity, 12-hour light/dark cycle). One animal from old sedentary control and three animals from old-trained group died before the end of the experiment. The study was approved by the Local Ethical Committee on Animal Experimentation (Decision No. 38/2015) .
The exercise-trained groups swam 4 minutes a day, five days a week during eight week of housing (between 09:00 and 11:00 h on each training day). The control rats were housed under the same conditions as the swimming rats and they were handled as often as the exercise group. Exercise was performed by swimming in glass tanks (length 100 cm, width 50 cm, depth 50 cm) containing tap water maintained according to group at 5 ±2°C (cold group) and 36 ±2°C (thermal neutral group). A maximum of only two rats was allowed to swim together. The duration of the first swimming experience was limited to 2 min and increased by 0.5 min daily in the first week until it reached 4 minutes. Before and after each week of the experiment, rats were weighed. At the beginning and after 8 weeks of the experiment, the resting rectal temperature of rats was measured. Additionally, in the fourth week of experiment, we examined the temperature effects of a single swimming exercise session in all animals. All protocol of experiment was presented in Table 1 .
Statistical analysis was conducted with STATISTICA software package (version 12.5 PL). The normality of distribution of the parameters being analysed was determined using the Shapiro-Wilk test. In the case of data demonstrating that their distribution differed from normal one, a Friedman's ANOVA and a non-parametric MannWhitney U test were used. For all statistical analyses mentioned above, the accepted level of significance was defined as p < 0.05. 
Results
During the study, significant changes in the body weight of rats exposed to swimming exercise training were observed. Table 2 summarises the changes in the body weight of rats during the experiment in relation to baseline values in respective test groups and the control group whereas Table 3 presents both the differences in body weight changes between respective weeks of swimming exercise training for the test groups and the significance of intergroup differences of these changes.
When analysing the group of male rats exposed to swimming exercise training in water at 5°C, a decrease in their body weight was observed as early as the first week of swimming. The highest decrease in body weight, by 32.25 g on average, was recorded between experimental week 1 and 2 (*ΔT 1 -T 2 ; Table 3 ); the rats were characterised then by body weight being lower by 46.75 g in relation to baseline values (Table 2 ). Next, in successive weeks, their body weight remained at a comparable level, with minor fluctuations in its increase and decrease, but at the end of the training it was still significantly lower, by 45 ±38.56 g on average, than baseline values (p < 0.05). W -body weight;* p < 0.05, ** p < 0.01, *** p < 0.001.
In the case male rats swimming in water at 36°C, a decrease in their body weight was also observed as early as experimental week 1, by 19.25 g on average, and this was the highest decrease observed during the whole experiment (Table 3) . Next, their body weight remained at a comparable level in successive weeks, with minor fluctuations in its increase and decrease. The body weight of rats of this group at the end of the experiment was lower, by 28 ±22.68 g on average, than baseline values (Table 2) . When comparing the dynamics of changes in body weight between the groups of tested male rats, it was observed that a decrease in body weight in the first two weeks was higher in the group of male rats swimming in water at 5°C, while in the next weeks it already demonstrated similar trends (Table 2) . It should be noted that body weight in the control group of rats during the experiment remained at a comparable level in successive weeks, with minor fluctuations in its increase and decrease. Only experimental week 2 was characterised by a significant increase in body weight compared to other experimental weeks (*ΔT 1 -T 2 , Table 3 ). Significant differences in the course of body weight changes between the control group and the test groups were observed as early as experimental week 2, but they were significantly higher in the group exposed to swimming exercise training in water at 5°C (Table 2) . BW -body weight; * p < 0.05, ** p < 0.01, *** p < 0.001.
Considering the female rats from the cold group (5°C), a decrease in body weight, by 8.25 ±12.49 g on average, was observed, remaining during the first two weeks, as in the male rats, but as early as experimental week 3 to the last week of this experiment an increase in body weight was recorded in relation to baseline values, with the highest increase, by 8.5 ±13.48 g on average, occurring at experimental week 3 (p < 0.001). In the female rats participating in swimming exercise training at thermal comfort temperature, a decrease in body weight was observed in relation to baseline values, but it was the highest after experimental week 4, by 9.25 g on average (Table 3 ). In the first three weeks of this experiment, no statistically significant differences were recorded in the observed trends between the experimental groups (5°C vs. 36°C), whereas after week 4 of the experiment, until its end, there were differences in body weight changes between the groups (p < 0.05), with the female rats from the cold group (5°C) demonstrating an increasing trend in their body weight and those from the thermal neutral group (36°C) a decreasing trend. In the case of the control group of female rats, their body weight remained at a comparable level in successive weeks of this experiment. Only experimental week 2, as in the case of male rats, was characterised by an increase in body weight compared to other weeks of the experiment (*ΔT 1 -T 2 ), but the final weight of the rats was comparable to its baseline value. At experimental week 2, highly significant differences in body weight changes were recorded between the test groups and the control group. During the experiment, changes in the body weight of rats in the control group were much smaller than in the case of the test groups (Table 2) .
When comparing the nature of changes in the body weight of rats exposed to swimming exercise training in cold water, attention should be paid to their dependence on sex. There were statistically significant changes in the nature of changes in body weight between male rats and female rats of the cold group (5°C) as early as experimental week 2 until the end of the experiment (p < 0.001). Interestingly, the females exposed to swimming exercise training at 5°C were the only group in which an increase in body weight occurred during experimental week 8 in relation to baseline values. The body weight of all rats from the groups swimming at 36°C was decreasing, being more significant in the male rats (28 ±22.68 vs. 14 ±24.72, Table 2 ).
The resting rectal temperature in the rats of respective groups did not differ significantly and amounted to 35.81 ±2.32°C on average. When analysing the thermal response of rats to swimming exercise sessions, a transient decrease in their rectal temperature was observed only in the group of animals swimming at 5°C (by 3.8°C on average; p < 0.05), whereas no significant change in their resting rectal temperature was showed after the end of the experiment.
Discussion
In the presented study, an attempt was made to evaluate the possible occurrence of adaptive changes of an insulative nature in rats exposed to swimming exercise training at 5°C. Under such circumstances, changes occur in the dynamics of microcirculation and metabolic responses, as well as in the dynamics of collateral circulation. Cold and physical exercise are stress factors that stimulate the sympathetic system, adrenal glands and thyroid gland, stimulating metabolism and, at the same time, increasing the quantity of food consumed. Body weight depends on energy intake, energy consumption and digestion (Knopper, Boily, 2000; Powell et al., 2002; Ernest, 2005) . A seasonal change in body weight results from adaptation to energy intake and energy demand in many small mammals (Wang, Wang, Wang, 2001; Speakman, 2003) . A change in body weight is an adaptive response in the ability to adapt to cold environment in mammals (Swanson, 2001) . The response of small mammals to cold stress differs, as is the case of Dicrostonyx groenlandicus and Mesocricetus auratus, the body weight of which increased during cold acclimation (Nagy, Negus, 1993; Janský, Haddad, Pospísilová, Dvorák, 1986) . However, the body weight of Apodemus sylvaticus and Acomys cahirinus was not affected by cold acclimation (Klaus, Heldmaier, Ricquier, 1988; Khokhlova, Krasnov, Shenbrot, Degen, 2000; Gunduz, 2002) ; on the contrary, the body weight of Phodopussungorus, Microtusochrogaster, M. pennslvanicus and Clethrionomysglareolus decreased during cold acclimation (Klaus et al., 1988; Wiesinger, Heldmaier, Buchberger, 1989; Voltura, Wunder, 1998; Wang, Wang, 1990) . In the study by Arnold, Richard (1987) , cold exposure had no additional effect on body composition in physically active rats. Compared to rats trained at 24°C, exercised cold-exposed animals did not utilise more of their fat or protein stores in providing substrate for exercise. Interestingly, although a 5°C exposure and exercise were estimated to produce similar energy expenditures, both exercised groups of rats had significantly lower body fat gains. It seems probable that the greater energy intake of sedentary cold-exposed rats accounted for most of their extra fat reserve. Appetite suppression has been observed previously in exercised male rats (Arnold, Richard, 1987; Richard, Arnold, Lleblanc, 1986) and, since this phenomenon has not been observed in exercised female rats, is believed to be linked to sex hormones.
Some recent work by Hoffman-Goetz, German (1986) has suggested that physical exercise improves cold tolerance in aged mice, although the mechanism behind the improvement remains unexplained. The study by Richard et al. (1986) has indicated that brown adipose tissue capacity for non-shivering thermogenesis is unimproved by exercise training. However, exercise training, by increasing insulin sensitivity (Berger et al., 1979; Mondon, Dolkas, Reaven, 1980) , may prevent the age-related increase in tissue insulin resistance and therefore aid in preserving the brown adipose tissue thermogenesis. That is, as insulin resistance has been suggested to be a possible cause of impaired brown adipose tissue thermogenesis in obese mice (Mercer, Trayhurn, 1984) , exercise training, by decreasing insulin resistance, may actually improve cold tolerance. Further work is needed to understand the improved tolerance to cold in exercised rodents. It appears that metabolic heat production in exercised cold-exposed rats was sufficient to offset the cold stress without which increased brown adipose tissue non-shivering thermogenic capacity cannot occur (Arnold, Richard, 1987) . Smith, Roberts (1964) have demonstrated that multilocular brown adipose tissue in the rat is shown to increase in both respiratory rate and mass, in vitro, during cold acclimation. By vascular convection the resulting heat is directly conducted to the thoracocervical regions of the heart, the spinal cord and other thoracic organs. The vasculature is so arranged as to exercise a fine order of thermogenic control over the brown fat and temperature of the peripheral venous returns to the thorax, facilitated in part by a "reverse" type of countercurrent heat exchange apparently not previously described. In humans, acclimatisation to cold develops over the period of about 10 days, and in the essential change is an insulative, hypothermic type of response. This reflects the nature of most occupational and athletic exposures to cold. Nevertheless, with more persistent exposure to cold, humans can seemingly develop the humoral type of acclimatisation described in small mammals, with an increased efficiency of noradrenaline or thyroxine. Using of winter sport may be method of treating obesity due to associated mobilisation of free fatty acids. In men, a combination of temperate exercise and facial cooling induces a significant fat loss over a 1-to 2-week period, with an associated proteinuria, ketonuria and increased body weight. Current limitations for the clinical application of such treatment include doubts regarding appropriate environmental conditions, concern over possible pathological responses to cold, and suggestions of a less satisfactory fat mobilisation in female patients (Adams, Heberling, 1958) . William et al. (1992) , when examining sex differences in response to physical exercise conducted in cold water environment, demonstrated their dependence on the content of lean body mass (63.5 kg in men vs. 49.5 kg in women). This difference in lean tissue favours heat conservation by men compared to women during rest (Veicsteinas, Ferretti, Rennie, 1982) . Also, at low absolute exercise intensities it is likely that for men, compared to women, a larger amount of muscle tissue remains minimally perfused. This would provide men with lager resistance to heat that moves from the core to the skin surface during exercise in cold water. For women, even mild exercise appears to remove the insulation provided by muscle mass. Consequently, the added heat generated by exercise is offset by the reduction in insulation (William et al., 1992) . Mozaffarieh et al. (2010) found that women had significantly higher TDCE (thermal discomfort with cold extremities) scores than men. These results confirm that nearly every third woman between 20 and 40 years suffers from cold extremities, with men suffering 4.5 times less frequently (Kräuchi et al., 2008) . Numerous investigators have reported that women have colder mean skin temperatures during rest in cold air than men (Cunningham, Stolwijk, Wenger, 1978; Wyndham et al., 1964; Wagner, Horvath, 1985) . While this has been imputed to differences in body fat by some authors (Wyndham et al., 1964; Wagner, Horvath, 1985) , others have not been able to prove a correlation between fatness and mean skin temperature (Stevens, Graham, Wilson, 1987) . Facultative interactions between metabolic responses to cold and physical fitness remain controversial. However, it is obvious that short term cold exposure induces a humble increase of physical working capacity. Long term effects of cold upon fitness are probably mediated largely through associated changes in habitual physical activity (Shepard, 1985) . Regular physical activity not only increases energy expenditure directly, but also modulates gene expression patterns of metabolic regulators. Gene expression patterns induced by a sedentary lifestyle result in metabolic patterns that are the precursors of metabolic diseases prevalent among humans. Cold exposure combined with exercise combined with promotes uncoupling of oxidative phosphorylation by increasing the expression of UCP1 in BAT. Increased expression of UCP1 increases the proportion of energy derived from fatty acid oxidation that is released as heat, seldom being deposited as white adipose tissue. This provides an important entrance by which exercise simplify increased energy expenditure and counteracts obesity. Obesity, although complicated by social and cultural influences, is due to an excess of energy intake over energy expenditure. Brown adipose tissue therefore plays an important role in the energy balance of the whole organism including adult humans, but exercise is a necessary condition for this role to be realised (Seebacher, Glanville, 2010) .
We examined a suitable swimming exercise programme at different water temperatures that could induce changes in body weight in 15-month-old rats. In all test groups, we observed the effect of physical exercise and ambient temperature on changes in body weight. In the male rats, swimming exercise training at low temperature induced a significance decrease in body weight, which is linked to energy expenditure on exercise and thermoregulation processes. In the case of swimming at 36°C, a decrease in body weight resulted solely from physical exercise, which was also observed in the female rats swimming at the same temperature. The fact that in the female rats swimming at 5°C a decrease in body weight was observed for the first two weeks, and then its increase until the end of the experiment, seems to be interesting. Davies, Packer, Brooks (1987) have observed that female rats are known to maintain body weight better than male rats. It has been reported that a prolonged exposure to cold raises the metabolic rate in mammals, which leads to increased hypotrophy of metabolically active tissues, like for example brown adipose tissue (BAT), liver, kidneys, small intestine, and heart (Krebs, 1950; McDevitt, Speakman, 1994; Konarzewski, Diamon, 1994) . Another possible type of adaptive changes in response to cold is the hypothermic type when there is a decrease in body temperature and the body adapts to a lower temperature. Although our results indicate a substantial decrease in the body temperature of rats exposed to a single swimming exercise in water at 5°C, no such adaptive changes were showed in the test rats as a consequence of 8-week-long swimming exercise training in cold water.
Conclusions
Inter-sexual difference in body weight changes being observed during an 8-week-long experiment indicate that adaptive mechanism of an adaptive nature, in the form of increased accumulation of adipose tissue or hypertrophy of metabolically active tissues, developed earlier in female rats, which was not observed in male rats, despite exposure to cold to the same extent. The next stage of our research will be to estimate selected metabolic parameters and oxidant-antioxidant equilibrium of rats in order to evaluate the extent of "cold shock" responses to physical exercise, depending on the temperature at which it is performed.
